Life-history inference is an important aim of paleoprimatology, but life histories cannot be discerned directly from the fossil record. Among extant primates, the timing of many life-history attributes is correlated with the age at emergence of the first permanent molar (M1), which can therefore serve as a means to directly compare the life histories of fossil and extant species. To date, M1 emergence ages exist for only a small fraction of extant primate species and consist primarily of data from captive individuals, which may show accelerated dental eruption compared with freeliving individuals. Data on M1 emergence ages in wild great apes exist for only a single chimpanzee individual, with data for gorillas and orangutans being anecdotal. This paucity of information limits our ability to make life-history inferences using the M1 emergence ages of extinct ape and hominin species. Here we report reliable ages at M1 emergence for the orangutan, Pongo pygmaeus (4.6 y), and the gorilla, Gorilla gorilla (3.8 y), obtained from the dental histology of wild-shot individuals in museum collections. These ages and the one reported age at M1 emergence in a free-living chimpanzee of approximately 4.0 y are highly concordant with the comparative life histories of these great apes. They are also consistent with the average age at M1 emergence in relation to the timing of life-history events in modern humans, thus confirming the utility of M1 emergence ages for life-history inference and providing a basis for making reliable life-history inferences for extinct apes and hominins. dental histology | great apes | tooth eruption | tooth growth T o fully understand the evolution of primate life histories, it is important to be able to evaluate the life histories of fossil species within the wider context of those of extant primates. The correlations between molar eruption schedules and various lifehistory variables provide a means to do this (1). The age at first molar (M1) emergence in particular provides a reliable proxy from which to infer the overall pace of life history in fossil species (1). This requires accurate knowledge about the relationships between M1 emergence and various life-history attributes in living species. However, there are currently deficiencies in the data on extant primate M1 emergence ages that limit the accuracy and reliability of life-history inference for fossil species.
Life-history inference is an important aim of paleoprimatology, but life histories cannot be discerned directly from the fossil record. Among extant primates, the timing of many life-history attributes is correlated with the age at emergence of the first permanent molar (M1), which can therefore serve as a means to directly compare the life histories of fossil and extant species. To date, M1 emergence ages exist for only a small fraction of extant primate species and consist primarily of data from captive individuals, which may show accelerated dental eruption compared with freeliving individuals. Data on M1 emergence ages in wild great apes exist for only a single chimpanzee individual, with data for gorillas and orangutans being anecdotal. This paucity of information limits our ability to make life-history inferences using the M1 emergence ages of extinct ape and hominin species. Here we report reliable ages at M1 emergence for the orangutan, Pongo pygmaeus (4.6 y), and the gorilla, Gorilla gorilla (3.8 y), obtained from the dental histology of wild-shot individuals in museum collections. These ages and the one reported age at M1 emergence in a free-living chimpanzee of approximately 4.0 y are highly concordant with the comparative life histories of these great apes. They are also consistent with the average age at M1 emergence in relation to the timing of life-history events in modern humans, thus confirming the utility of M1 emergence ages for life-history inference and providing a basis for making reliable life-history inferences for extinct apes and hominins. dental histology | great apes | tooth eruption | tooth growth T o fully understand the evolution of primate life histories, it is important to be able to evaluate the life histories of fossil species within the wider context of those of extant primates. The correlations between molar eruption schedules and various lifehistory variables provide a means to do this (1) . The age at first molar (M1) emergence in particular provides a reliable proxy from which to infer the overall pace of life history in fossil species (1) . This requires accurate knowledge about the relationships between M1 emergence and various life-history attributes in living species. However, there are currently deficiencies in the data on extant primate M1 emergence ages that limit the accuracy and reliability of life-history inference for fossil species.
First, data on age at M1 emergence exist for only 26 primate species (2-4), and there are major impediments to expanding this database by the usual methods, most of which require long-term field or laboratory studies wherein animals are sedated at regular intervals for radiography and/or to monitor tooth emergence. Given the difficulty of collecting dental emergence data from living animals using these techniques, the number of species in the sample is not likely to increase greatly. Apes in particular are poorly represented, and no reliable data exist for any species other than the common chimpanzee, Pan troglodytes (5, 6) . Second, the extant primate database has been constructed mostly using captive animals (2) . There is now evidence suggesting that captive animals exhibit accelerated development compared with free-living individuals, including earlier emergence of teeth (4, (7) (8) (9) (10) .
These deficiencies have led some to question the reliability and usefulness of M1 emergence ages for inferring the life histories of fossil species, including fossil hominins (11) . Thus, it is critical to obtain M1 emergence data on additional species, especially African and Asian apes, and to obtain these data from noncaptive animals. Here we report reliable ages at M1 emergence for the orangutan (Pongo pygmaeus pygmaeus) and the gorilla (Gorilla gorilla gorilla), obtained from wild-shot individuals in museum osteology collections and calculated entirely from the incremental growth lines preserved in the enamel and dentine of the teeth.
Teeth preserve both short-and long-period growth lines that are visible in histological thin sections. These include, respectively, daily cross striations and Retzius lines in the enamel and the corresponding von Ebner and Andresen lines in dentine (12) (13) (14) (15) . Although there is intra-and interspecific variation in Retzius/ Andresen line periodicity (i.e., the number of daily short-period lines between adjacent long-period lines), within any individual the periodicity is constant (12, 14, 16) . Counts of these lines, therefore, reveal the time taken to form a tooth, including the tooth crown and however much root had formed at the time of death (17) (Figs. 1 and 2; see Materials and Methods). The correlations between lifehistory variables and age at M1 emergence are particularly fortuitous because, in all higher primates, the M1 begins to form at or just before birth. Therefore, in an individual that died when the M1 was emerging, the total formation time of the M1 yields both the age at death as well as the age at M1 emergence.
Ground sections were prepared from the M1s (one maxillary, one mandibular) of two Pongo individuals and one Gorilla (mandibular), all of whom died while the M1 was erupting ( Fig. 1 ; see SI Materials and Methods). All could be demonstrated to be just past the stage of initial gingival penetrance-the clinical definition of tooth emergence-despite the lack of gingival remnants in osteological specimens. In one of the Pongo teeth, the cusps were slightly higher than the level typical of gingival emergence, based on comparisons versus other primate individuals for which there is a radiographic record of eruption and direct observations of gingival emergence (18) . In the second Pongo M1, and in that of the gorilla, eruption had also proceeded slightly beyond initial gingival emergence, indicated by the presence of food protein stain only at the tips of some cusps and delimited by a distinct gingival line (19) .
Total formation time (TFT) for each M1 was calculated from the mesial cusp region (plus one section through the distal cusps in one of the Pongo specimens) using two different methods, one using the incremental lines in both the crown enamel and root dentine, and the other using only the axial dentine extending from the tip of the dentine horn underlying the tooth crown to the last-formed dentine adjacent to the pulp chamber (see Materials and Methods). TFT for one of the Pongo M1s was calculated using both the enamel-plus-dentine and the dentineonly methods to check for consistency of results.
Results
Summary results from each of the histological sections are shown in Table1 (see Tables S1-S3 for full details). For the two Pongo individuals, total M1 formation times, and therefore ages at death, were nearly identical at 4.78 and 4.66 y, respectively. Different age determinations from the first individual were highly consistent regardless of the method used (4.76 vs. 4.79 y) or whether the section was from the mesial or distal cusps (4.79 vs. 4.80 y). As the M1s of both Pongo individuals had undergone gingival emergence, age at M1 emergence in both would have been somewhat earlier than the age at death. Based on the position of the mesial cusps in relation the deciduous premolars and the alveolar margin of the mandible, eruption had proceeded somewhat further in the first individual. Therefore, slightly more time had probably elapsed between M1 emergence and death in this individual than in the second. We estimate this elapsed time at approximately 2 months in the first individual and 1 month in the second, or 0.17 and 0.08 y, respectively (see SI Materials and Methods). This results in an estimated age at M1 gingival emergence of 4.6 y in both individuals. However, we note that, although we did not observe prenatally formed enamel (delimited by an accentuated neonatal growth line [ Fig. 1B] ) in either Pongo individual, if prenatal enamel was in fact present in these individuals, the ages at death would be reduced by approximately 1 month and ages at gingival emergence would be closer to 4.5 y (see Table S1 ).
Age at death in the gorilla individual was calculated to be 3.91 y. As in the two orangutans, M1 emergence slightly preceded death in this individual, and by approximately the same amount of time judging by the extent of protein stains on the cusps. Therefore, age at M1 emergence is estimated to have been at 3.8 y, or nearly 1 year earlier than in the two orangutans. However, because, in primates, the mandibular M1 nearly always emerges somewhat earlier than the maxillary M1 (ref. 2; see SI Materials and Methods), and because one of our two orangutan specimens is a maxillary tooth, the difference between Pongo and Gorilla might not be quite as great as suggested by these results.
Discussion
The median age at M1 emergence in captive chimpanzees is 3.18 y for the maxillary M1 (range, 2.26-4.38 y) and 3.15 y for the mandibular M1 (range, 2.14-3.99 y) (6) . Based on these data, plus questionable estimates of 3.5 y for both Gorilla (20) and two captive Pongo individuals (2) , mean ages at M1 emergence for all of the great apes have commonly been reported to be in the range of 3.0 to 3.5 y. Until now, the only reliable estimate for age at M1 emergence in noncaptive apes was for a single individual of Pan troglodytes verus, at approximately 4.1 y for the maxillary M1 (4). The likely age of emergence for the mandibular M1 in this individual was approximately 3.8 to 3.9 y, resulting in a combined age of M1 emergence of approximately 4.0 y (see SI Materials and Methods). The M1 emergence ages for noncaptive animals reported here of 4.6 y in Pongo and 3.8 y in Gorilla (mandibular M1 only) offer support for the likelihood of a later average age at M1 emergence in free-living chimpanzees than in captive animals. Although the M1 emergence age for Pongo is based on only two individuals, the uniformity of the two values suggests that the average age at M1 emergence in the orangutan is likely to be substantially greater than in chimpanzees or gorillas, although data from more individuals will be needed to confirm this. The age at M1 emergence of 3.8 y in the Gorilla mandibular M1 is the same as our estimate of 3.8 to 3.9 y for the mandibular M1 in the noncaptive chimpanzee (4), but, again, more data will be needed to determine if the means for these two great apes are in fact coincident (as discussed further later).
Although limited, the cumulative data therefore suggest that the average age at M1 emergence in noncaptive extant great apes ranges from just younger than 4 y to just older than 4.5 y, or approximately 1 year later than previously supposed.
The ages at M1 emergence reported here, particularly those for Pongo, as well as the later age reported for noncaptive Pan (4), are also consistent with the comparative life histories of these species in relation to one another and in comparison with that of modern humans. Ages at M1 emergence between 3.0 and 3.5 y for great apes represent only approximately 52% to 60% of the average age at M1 emergence of 5.8 y in modern humans, the latter based on an average of various non-European/nonwhite American populations (21, 22 ) (see SI Materials and Methods). In contrast, the ages for M1 emergence reported here for wild great apes represent 65% to 80% of the modern human value. This range is more concordant with the durations or ages of attainment for many key life-history attributes of great apes, which are generally in the range of 55% to 80% of the modern human values (Table 2 ) (23-27).
The relatively late age at M1 emergence for Pongo compared with those of the other great ape species is particularly noteworthy. Recent findings on the life histories of wild orangutans reveal that many life-history milestones occur much later than in chimpanzees or gorillas, and that life stages are consequently of longer duration (26, 28, 29) (Table 2 ). The late ages at M1 emergence in the two Pongo individuals described here are consistent with this more prolonged life-history profile. The estimated age at M1 emergence in the gorilla, at 3.8 y, is likewise broadly compatible with the comparative life-history data for great apes and humans (Table 2 ). Based on the even shorter lifehistory schedule in gorillas than in chimpanzees, we would predict that analyses of larger samples would show a somewhat CFT, crown formation time; RFT, root formation time. *Prenatal enamel was not observed, but some prenatal enamel formation is common in Pongo M1s (see text).
† Average of crown and root formation times from mesial and distal M1 sections (see Table S1 for details). ‡ Method II determination for this individual only (see Materials and Methods and Table S1 for details). § Represents the average TFT derived from both the mesial and distal sections (both determined by method I; see Materials and Methods) and from the axial dentine (method II).
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Age at death = 4.04 − 0.13 y. earlier mean age at M1 emergence in the former. Moreover, the schedule of M1 eruption among Gorilla subspecies might be expected to vary, with the faster-growing and more folivorous mountain gorilla (G. g. beringei) predicted to possess an even earlier eruption age than the more frugivorous western lowland gorilla analyzed here (30, 31) .
It has recently been claimed that body mass is a better predictor of great ape life histories than "dental development," and that the latter is only weakly related to the timing of life-history events (11), but there are several problems with this analysis. First, the authors of this study (11) included data from the entire dentition rather than just the first molar, whereas it is the latter that is most strongly correlated with the timing of life-history events (1) . Second, they included data on tooth crown formation as well as crown emergence, despite there being almost no difference in M1 crown formation times among Pongo, Gorilla, and humans (11), resulting in poor correlations with the timing of life-history events. Last, their data on the timing of molar emergence include some unreliable, anecdotal information and also combine data from both wild and captive animals (11). Our results and the life-history data in Table 2 demonstrate that, contrary to the conclusions of Robson and Wood (11) and when the emergence of only the first molar is considered, dental eruption is strongly related to the timing of life-history events in humans and free-living great apes. It follows that age at M1 emergence should provide reliable inferences about the timing of life-history events in fossil members of this clade, including early hominins.
Finally, our results demonstrate the utility of obtaining ages at M1 emergence entirely from the histology of first molars that were in the process of erupting. Whereas previous studies of both extant and extinct primate taxa have demonstrated the feasibility of obtaining ages at death using dental histology (13, 17, (32) (33) (34) (35) (36) (37) (38) (39) , and these have occasionally included the first molar, we propose that analyses of dental histology be extended specifically to individuals that died while the M1 was erupting in a variety of extant primate species, with the express purpose of providing more reliable ages at M1 emergence and therefore more accurate representation of the correlations between age at M1 emergence and the timing of life-history events for primates as a whole. This is the most practical method for developing an inventory of ages at M1 emergence from noncaptive individuals of many primate species. As we have done here, this can be accomplished by sampling wild-shot individuals from museum collections that died when their first molars were erupting. Using this method, the relationships between various life-history variables and age at M1 emergence in extant primates can be portrayed more accurately than is currently possible with M1 emergence ages that have been obtained mostly from captive animals. This will lead to more accurate interpretations of life history in extinct primates, including early hominins, and a better understanding of the evolution of life-history variation within the primate order.
Materials and Methods
Specimen Preparation. Erupting M1s were extracted from the skulls of three African and Asian ape osteological specimens and then prepared for histological analysis. Two of the M1s were from Borean orangutans (P. pygmaeus pygmaeus): a maxillary M1 from a skull in the osteology collection of the College of Dentistry, University of Illinois at Chicago, and a mandibular M1 (specimen 1981/233) from a skull in the collections of the Zoologische Staatssammlung, Munich, Germany. The third specimen was a mandibular M1 from the skull of a western lowland gorilla (G. gorilla gorilla, specimen 1913/1163), also from the Zoologicshe Staatssammlung, Munich, Germany.
Following extraction, the teeth were photographed and examined for any wear or staining, either of which would indicate that the molar had pierced the gingiva and/or was in functional occlusion. Each molar was molded, cleaned, and embedded in epoxy to prevent shattering during sectioning. Two sections were prepared from each tooth, one through the apices of the mesial cusps and one through the distal cusps. All sections were initially approximately 500 μm thick and were progressively lapped to a final thickness of approximately 100 μm using a graded series of abrasive discs and then polished with a 3-μm aluminum oxide powder. The sections were then ultrasonicated, rinsed in both 90% and anhydrous alcohol, cleared in CitraSolve, and mounted with DPX medium. The sections were examined using polarized light microscopy and images were captured using a Spot Insight 4-MB digital camera and image analysis system. TFTs. To determine TFTs, we employed two different methods as a test of methodological reliability. One method used both crown and root components (method I) and the other used only coronal/axial dentine (method II). Method I. TFT equals crown formation time (cuspal enamel formation time plus lateral enamel formation time) plus the time to form however much root was present at the time of death. Cuspal enamel formation time equals the cuspal enamel thickness measured along a prism divided by the average daily secretion rate of ameloblasts, the enamel matrix forming cells. Secretion rate was calculated as the grand mean from >10 measurements of daily crossstriation lengths in each of the inner, middle, and outer regions of the cuspal enamel (secretion rate typically increases from inner to outer enamel; Fig. 2 ). Lateral enamel formation time equals the total number of lateral enamel Retzius lines multiplied by their periodicity, which is constant in any indi- Figs. 1 and 2 ). Root formation time was calculated in different ways depending upon the preservation of growth lines in the root dentine (see Fig. S1 ): (i) by measuring the root cone thickness along an odontoblast path (or dentine tubule) at the tooth cervix (the point of root initiation) and dividing that distance by the average daily secretion rate of odontoblasts (the innermost dentin of the root cone adjacent to the pulp chamber represents the time of death); (ii) by multiplying the number of Andresen lines in the cervical root cone by their periodicity (in d), which is the same as the periodicity of Retzius lines in the enamel; (iii) by measuring the maximum length of root formed (measured along the granular layer of Tomes from the cervical margin to the last formed dentine at the tip of the root cone) and dividing that distance by the average root extension rate (RER), a measure of the rate of root elongation in μm/d, which was determined by averaging extension rates taken from many different regions along the root surface from the cervical margin to the tip of the developing root cone (see Fig. S1 legend for details on calculating regional RERs); or (iv) the same procedure as in i, but with the root segmented into three portions defined by prominent accentuated Andresen lines and then summing the formation times of the three segments. Method II. Axial dentine thickness-measured in the coronal dentine along a single dentine tubule from the tip of the dentine horn to the pulp chamberis divided by the average daily odontoblast secretion rate. This yields an estimate of TFT as it records the time span between the first-formed dentine at the dentine horn (coincident with the initiation of tooth formation) and the last-formed dentine (at the time of death) at the margin of the pulp chamber (see Fig. S1 ).
Life-History Variables. For the comparative life-history data, we chose three key variables relating to fecundity or lifetime reproductive success: age at first reproduction, interbirth interval, and survivorship, the latter being an expression of longevity (Table 2) . We chose survivorship rather than maximum lifespan as an expression of longevity for several reasons. First, with very small samples, maximum lifespan is not particularly reliable as a species characteristic, and for all the included taxa save modern humans would be based on a single individual. Second, because even the longest periods of continuous observation of great apes in the wild have not been of sufficient duration to record the birth dates of the oldest individuals that have died, ages at death for these individuals are estimates. Finally, and specifically concerning comparisons to modern humans, the ability in human societies for others to partly assume the care of and provide for elderly individuals makes it more likely that some individuals will live nearer to the actual physiological maximum of the species. This combined with samples sizes that are many orders of magnitude larger than those for great apes renders comparisons of maximum lifespan between humans and great apes somewhat questionable. Nevertheless, maximum lifespan data are still useful as supporting documentation of species longevity, especially for comparisons between great ape species (discussed further later).
In contrast to maximum lifespan, survivorship curves incorporate longevity data from the entire sample, which allows for statistically meaningful comparisons between taxa. Among other useful metrics from survivorship curves, in addition to projected age at death for individuals that survive until age 15 y (used in Table 2 ), is the age at which the probability of survival becomes very low. For example, the ages at which the probability of survival equals 0.1 are approximately 35 y in Pan and 54 y in Pongo (28, 40) .
Unfortunately, the only comparison that can be made for gorillas at this time is the estimated age of the longest living individual in the wild. Among mountain gorillas, the longest-lived individual, a female, was estimated to have been somewhat older than 42 y at death. In contrast, the oldest surviving chimpanzee, again a female, was estimated to be 55 y and still alive when this age was reported, whereas the oldest chimpanzee male was estimated to be 46 y at death (40) . Among orangutans, the oldest wild female was estimated to be 52 y and still alive, whereas the oldest male was estimated to be 58 y at death (27) . Although the longevity records for chimpanzees and orangutans are fairly similar, it has been noted that those for orangutans are based on much smaller samples and suggested that samples equivalent to those of chimpanzees (and with similarly long periods of observation) might be expected to reveal even older orangutan individuals (27) . It was also noted that this would be compatible with the consistently higher probabilities of survival at all ages in orangutan survival tables compared with those of chimpanzees (27) .
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Calculating Age at M1 Emergence. All three great ape individuals in our sample died shortly after M1 gingival emergence based on the criteria described in the main text. We estimated the amount of time between M1 gingival emergence and the time of death based on the rate of mandibular M1 eruption in baboons and modern humans (1, 2) . In the latter, the mean time interval between alveolar eruption and complete eruption (see ref. 2 for definitions of these eruption stages) is 0.85 y, or 10.2 months (alveolar eruption: mean, 5.25 y; complete eruption: mean, 6.10 y). These data do not permit an estimate of when during this interval gingival emergence occurred, although it was inferred that it occurs closer to complete eruption than to the penultimate stage (i.e., late eruption) (2) . In baboons, the duration of the interval between alveolar and complete eruption as defined by Dean (2) is approximately 5 months, with gingival emergence occurring 3 months after alveolar eruption (ref. 1 and J.K., unpublished observations). Thus, the amount of time from gingival emergence to complete eruption is 2 months. If it is assumed that gingival emergence in humans also occurs somewhat later than the midpoint of the 10.2-month interval between the alveolar and complete phases of eruption (2), the amount of time between gingival emergence and complete eruption can be estimated at 4 to 4.5 months. According to the overall chronologies of dental eruption (3), apes should be intermediate between baboons and humans for this time interval, which we have therefore estimated at 3 months. As none of the individuals in our study had reached the stage of complete eruption at the time of death, the amount of time between gingival emergence and death would have been less than 3 months. Based on the limited amount of staining at the cusp tips, we therefore estimated these individuals to have been, at most, between 1 and 2 months past gingival emergence at death. It is our opinion that the actual times were somewhat shorter than this and that gingival emergence was a bit closer to the calculated ages at death, but we used these maximum estimates to be conservative about the age at gingival emergence. This is a different procedure than has been used to determine age at M1 emergence in most species, including captive chimpanzees (3) (4) (5) . In these, age at tooth emergence is determined using some form of statistical interpolation (generally probit analysis), using longitudinal records of dental eruption in which the tooth is scored as either present or absent (i.e., emergent or nonemergent through the gingiva) (5) . When the observation periods are random with respect to the time of tooth emergence in longitudinal studies, or the equivalent for individuals in crosssectional samples, such procedures are necessary to ensure unbiased estimates of the age at emergence (6). Such was not the case with our great ape sample. The specimens were chosen specifically to correspond to the same precise eruption stage of the M1, that of being immediately postemergent. In this case, the only necessary treatment of the data is having a means to accurately assess the relatively brief amount of time between the age at M1 emergence and the age at death, as described earlier.
In principle, we could have included in our sample individuals in which the erupting M1 was still preemergent, as well as additional postemergent individuals, and carried out a statistical interpolation procedure similar to that used for other species. We did not do this for two reasons. First, there is no signal on or in preemergent teeth equivalent to the protein stains on emergent teeth to assess the amount of time that would have passed until emergence. As the individuals in our sample were all very near the same stage of immediate postemergence, statistical treatment incorporating preemergent individuals at various stages of preemergence would likely lead to an underestimate of the mean age at M1 emergence. Second, and as noted earlier, the absolute amount of time that had elapsed between the ages at M1 gingival emergence and death in our sample individuals is demonstrably quite small relative to the ages at death. Thus, whatever error is present in our estimates of this time interval is unlikely to be material and is probably no greater than that resulting from statistical interpolation.
Age at M1 Emergence in Modern Humans and Captive Chimpanzees.
Average age at M1 emergence in modern humans ( Table 2 in the main text) was calculated from two sources (7, 8) . The first includes data only for mandibular M1s, whereas the second includes data for both mandibular and maxillary M1s. The calculated average from the two compilations is the average of the maxillary mean and the mandibular mean. Studies of questionable reliability were eliminated, as were the redundancies in the two compilations. The remaining studies included populations from Africa (Gambia, Cote d'Ivoire, Kenya, Zambia, Zulu, Bantu, Togo, South Africa), Iraq, and Russia, as well as African-American and Native American populations (Pima, Ontario, Inuit). Average age at M1 emergence in captive chimpanzees was taken from a single sample (5) and is also the average of the maxillary and mandibular means.
Age at M1 Emergence in Free-Living Chimpanzees. In primates, including humans, the mandibular M1 almost always emerges earlier than the maxillary M1. This is evident in the data on average ages of tooth emergence reported for several modern human populations (8) and for nonhuman primates (3). It has also been observed in a study being conducted by one of the present authors on root growth during the eruption process in extant great apes, which involves examination of osteological specimens in which the M1 is undergoing eruption (9) . In virtually all of the individual specimens, the mandibular M1 precedes the maxillary M1 in the eruption process. The amount of time by which eruption of the mandibular M1 precedes that of the maxillary M1 varies among species (3). In chimpanzees, the delay in the emergence of the maxillary M1 is very slight (4, 5), a finding that has generally been confirmed in the study on root development during molar eruption (9) .
The estimate of age at M1 emergence in free-living chimpanzees in Table 2 in the main text is based on a single individual (10) . In this individual, which died at 3.8 y, the maxillary molar was just past alveolar emergence and was estimated (10) to be approximately 3 months from gingival emergence based on the rate of M1 eruption in baboons (1) . The mandible of this individual was also recovered but the M1 had fallen out and was lost (11) . Based on the studies cited earlier regarding the minimal offset in the timing of emergence of maxillary and mandibular M1s in chimpanzees, we infer that the mandibular M1 had probably not yet undergone gingival emergence, although we allow that it was possibly at the point of emergence (11) . We therefore estimated that the mandibular M1 would have achieved gingival emergence at approximately 3.8 to 3.9 y. We used this range and an estimate of 4.1 y for gingival emergence of the maxillary M1 (10) to arrive at an average age at M1 emergence of 4.0 y for this individual. Table S1 ). The day of death is indicated as the last formed dentine at the developing root apex and is indicated. (Center) Close-up of the mesiobuccal root; blue line indicates the path of the dentine tubule associated wth the initiation of root formation used for measuring root cone thickness. When divided by the mean daily dentine secretion rate (see Fig. 2B ), root cone thickness yields an estimate of total root formation time (method I; see Materials and Methods, Table 1 in the main text, and Table S1 ); Red Line indicates total root length measured from the cervical margin to the developing root apex (image cropped apically). When divided by the average RER, it yields total root formation time. RERs were calculated as follows: The formation time of a portion of root length was calculated by measuring the distance an odontoblast traveled from the root surface to a given Andresen line, and then dividing this distance by the local daily dentine secretion rate. That portion of root length was determined by following the Andresen line back to the root surface. Dividing the length of that root portion by its associated formation time yields a local RER. The average RER for the entire root was calculated from a series of local RERs from different regions along the root, which were then averaged (see Table S2 ). (Right) Same as in center image but with the root segmented to calculate formation times for each root segment: distances along an odontoblast (dotted white lines, O) were measured in μm and traced to where they intersect prominent Andresen lines (white arrow), which when traced back to the root surface defines root segment lengths (D). Dividing the linear distance, e.g., O 1 , by the average daily dentine secretion rate associated with that segment, yields the amount of time (in d) taken to form that particular segment of root length, D 1 . Total root formation time therefore equals the summed time taken to form segments D 1 to D 3 (see Table S3 ). Table S1 . P. pygmaeus pygmaeus, UIC specimen, LM 1
